
Homology Test between the Nucleic 
Acid of an RNA Virus and the 
DNA in the Host Cell 

Abstract. Deoxyribonucleic acid in the 
host cell does not contain a sequence 
complementary to the nucleic acid of an 
RNA virus. Specific formation of hybrid 
between deoxyribonucleic acid and ribo- 
nucleic acid was used as a detecting de- 
vice. The test was internally controlled 
and sensitive enough to reveal comple- 
mentary stretches in the DNA correspond- 
ing to 10 percent of the viral ribonucleic 
acid. The implications of the results for 
replication and transcription of RNA are 
discussed. 

I n  the last several years there has 
been a n  accumulation of data consist- 
ent with the concept that polyribo- 
nucleotides are  the informed inter- 
mediaries between DNA-genomes and 
the cellular entities which carry out 
their instructions ( I ,  2). However, the 
problems posed by the existence of 
viruses which use R N A  for  the trans- 
mission and storage of genetic infor- 
mation remain for detailed resolution. 

A definitive decision o n  the exist- 
ence or nonexistence of homology be- 
tween viral R N A  and the DNA from 
its host would aid in delineating the  
mechanisms of replication of RNA and 

transcription from a n  R N A  genome. 
For technical convenience the sys- 

ten1 chosen was Escherichia coli (Hfr  
strains, K-16 and K-IO) and a n  R N A  
bacteriophage related t o  the one ( f 2 )  
discovered by Loeb and  Zinder (3). 
The  virus used, MS+2, ( 4 )  had bio- 
logical, chemical, and  physical prop- 
erties similar to those reported for f 2  
( 5 ) .  

A decision o n  whether or not there 
is honiology between two nucleic acid 
niolecules rests essentially o n  a coni- 
parison of base sequences. In practice 
what can  be readily detected is se- 
quence complementarity (6, 7 ) .  Experi- 
mentally, then, the question we seek 
to  answer may be posed as follows: 
Does the D N A  found in the host cell 
contain, either before or after infection, 
a sequence complementary t o  the nu- 
cleic acid of a n  R N A  virus? 

One  answer to  questions of coni- 
plenientarity is provided by specific 
hybrid formation. A sensitive test for 
hybridization of R N A  and D N A  was 
developed by Hall and Spiegelman (8) 
t o  demonstrate that the R N A  synthe- 
sized in E .  coli after infection by the 
bacteriophage T 2  is complementary to 
the D N A  of the virus rather than to 
that of the host. Equilibrium density 
centrifugation in swinging bucket rotors 
combined with isotopic labeling was 
used t o  identify the hybrid structures. 
The  same procedures were successfully 
used t o  exhibit complementary R N A  
synthesized in cells during “step-down 
transitions” ( 9 )  or short pulses ( 2 ) ,  
as  well as  R N A  formed in vitro by 
the DNA-dependent R N A  polymerase 

T h e  investigations just cited tested 
heterogeneous populations of R N A  
which represent between 10 and 100 
percent of the available sequences in 
DNA.  Consequently, the detection of 
hybrids did not strain the available 
sensitivity. However, the numerical 
situation inherent in the present prob- 
lem is fa r  less favorable. It demands 
finding one particular sequence in the 
D N A  equivalent in length to  the viral 
RNA.  Since the molecular weight of 
the  viral R N A  is about  8 X lo5, one 
must detect complexes including ap- 
proximately 0.005 percent of the total 
length of E.  coli DNA. However, a 
similar numerical difficulty was over- 
come by  Yankofsky and Spiegelman 
(11, 1 2 )  when they established the 
existence of sequences in D N A  coni- 
plementary t o  sequences in homologous 
ribosomal RNA.  These experiments 
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Fig. 1.  Hyperchromic response of ribo- 
somal and viral RNA to heat. Solutions 
containing nucleic acid ( 2 0  Gg/ml)  in 
0.01M phosphate at p H  6.8 were used. 
These were contained in closed quartz 
cuvettes held in a block wired to permit 
controlled electrical heating and monitored 
by a reference cell containing a thernii\tor. 
The block fits into the holder o f  the 
Opticon spectrophotometer which was ~isei l  
for these measurements. The ratios o f  the 
optical density (O.D.) a t  260 n i l  ;II t he  
ambient temperatures ( 0 . D . ;  ) to t h a t  at 
25°C are plotted. 

were designed so that hyhriilz includ- 
ing between 0.001 and 0.01 percent 
of the total D N A  were rc:tdily de- 
tected. T h e  nccessary sensitivity \<:I\ 

achieved by labeling the RNA I O  the 
required specific activity. <‘onlu\ioii 
with “noise” either in the I’orni 0 1  
mechanical trapping or  chance coinci- 
dence in complcmenturitv ovcr \hart 
regions was avoided hy use o t  [he 
resistance of true hybrid\ to ilciy;id~i- 
tion with ribonucle:i\c. Non-specilic 
complexes are completely wmitive. 

Our experience with the ribosoiii;il 
coniplexes of RNA and D N A  cncour- 
aged us to tinclert~ike the present study 
with viral R N A ,  I t  sceniecl highly proh- 
able that ;I definitive ;inswcr to honw- 
ogy, whether positive or negative. was 
experimentally attainable. 

A further clcmcnt of ;issur;ince was 
introduced into thew experiments as 
an internal control. Rihosom:il-?3!5 
and viral R N A  arc comparable in n i o -  
lecular weights ( 1  .O x IO’’ vs. 0 . X  X 
I O “ )  and base composition (53 percent 
vs. 52 percent guanine-cytosine). These 
resemblances are reflected in their hy- 
perchromic shift due to heat, LIS shown 
in Fig. I .  Since the responses of these 
two molecules t o  thermal disruption of 
their secondary structures are very 
much alike, their behavior during the 
annealing process should also be sinii- 
lar. Consequently, in addition to serv- 
ing as  a test for  the sensitivity of hv- 
brid detection, ribosomal R N A  can 
also be used t o  monitor the adequacy 
of the hybridization test conditions. 
Thus, under conditions which yield 

1 



hybrids with ribosomal RNA, the ab- 
sence of such complexes with viral 
RNA can  be accepted with comparative 
confidence as evidence that there is 
no homology between viral RNA and 
cellular DNA. 

Isolated and purified DNA ( 1 3 ) ,  
purified H”-23S RNA (40,000 count /  
niin per pg)  ( I Z ) ,  heat denatured 
DNA ( I I ) ,  and purified P’-phage 
RNA (40,000 to 360,000 count/niin per 
[pg) ( 1 4 )  were prepared. The  relative 
specific activities of the ribosonial ’and 
viral. RNA molecules were deliberately 
adjusted in sonie of the experiments to 
make the detection of hybrids with 
viral RNA 10 times more sensitive. The  
usefulness of two different labels will 
become apparent. The  procedures of 
Hall and Spiegelnian (8) for fornia- 
tion of hybrids, and their separation in 
CsCl gradients, were followed. Perti- 
nent experimental details are  found in 
the legends. 

Results representative of a number of 
experiments a re  illustrated in Fig. 2. 
The top figure (2 .4)  shows the usual 
hybrid structure which results when 
ribosomal RNA is incubated with 
homologous single stranded DNA. Fig- 
ure 2B describes the completely nega- 
tive outcome observed when viral RNA 

Fig. 2 (right). Equilibrium density gradient 
centrifugation of incubated mixtures of 
R N A  and DNA. In all cases the peak in 
O.D. identifies the position of DNA in the 
denjity gradient which decreases from left 
to right. In addition 50 K g  of heat dena- 
tured DNA of E. coli. the annealing mix- 
tures contained the following: ( A )  2 p g  
of trititim-(H”) labeled ribosomal RNA 
(40.000 count’min per p g ) ;  ( E )  2 pg of 
P3’-lnbclcd viral RNA (85.000 count/ min 
per p g ) :  ( C )  a mixture of A and E .  The 
incubation solution was 0 . 3 M  in NaC1. 
and 0.05M in phosphate at pH 6 to 8: the  
total volume was 0.5 ml. The mixtures 
were slow-cooled from 55°C to 30°C 
over a period of approximately 17 hours. 
The density was then adjusted to 1.720 
with CsCl and the final volume was ad- 
justed to 3.0 ml. The resulting samples 
were centrifuged for 72 hours at 33.000 
rev/min at 25’C in the SW39 rotor of 
the Spinco model L ultracentrifuge. At the 
end. fractions of 0.12 ml were collected 
from the bottom of the tubes, diluted, and 
analyzed for optical density at 260 mp 
and for radioactivity. Radioactivity of the 
acid insoluble fraction was assayed on 
aliquots, washed and dried on Millipore 
membranes, and counted in the Packard 
liquid scintillation spectrometer which 
measures simultaneously H’ and P“. Opti- 
cal Density at 260 mp was measured on 
the whole sample; the radioactivity was 
assayed on a fraction. The activity given 
must be multiplied by 5.6 to convert to 
the activity of the total sample. 

is substituted for ribosomal RNA in 
the reaction mixture. Since the two 
RNA niolecules were labeled with dif- 
ferent isotopes, they could be  included 
in the same reaction mixture; and the 
extent of hybridization of the DNA 
with each RNA determined in the 
presence of the other. Figure 2C de- 
scribes the results of such an experi- 
ment. Here one sees that the H”-ribo- 
sonial RNA formed a hybrid structure 
and the P’”-labeled viral RNA did not. 

Similar experiments have been car- 
ried out under a variety of other condi- 
tions with identical results. In some 
experiments the specific activity of the 
viral RNA used was 360,000 count/ 
niin per microgram. Thus,  if one se- 
quence complementary to  viral RNA 
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existed per genome, 1800 count/niin 
would have been observed in the DNA 
density region of the gradient and none 
were found. Other variations included 
raising the initial temperature t o  6 5 ° C  
in the annealing process, increasing 
viral RNA to  amounts five times above 
saturation for ribosomal RNA, a pre- 
liminary heat denaturation of viral 
RNA, and the use of DNA prepara- 
tions f rom a variety of strains of E. coli. 
Finally, DNA was isolated from host 
cells after infection- at various intervals 
from 20 t o  45 minutes. No hybrid for- 
mation was detected with any of these 
preparations. T h e  absence of hybrid 
formation could not be ascribed to  the 
fact that only one of the two possible 
coniplenientary RNA strands was be- 
ing tested. T h e  DNA which was being 
challenged contained both strands and 
one of the two would have satisfied 
the condition of complementarity, if it 
existed. 

It is evident that neither before nor 
after infection can one find sequences 
in the DNA which are  complementary 
t o  the viral RNA. In evaluating these 
negative findings several features of 
these experiments must be  recalled. 
First, the hybridization process was 
monitored internally. Second, the rela- 
tive specific activities in counts per 
minute was such that the sensitivity per 
strand of detecting hybrids with viral 
RNA was ten times that possible with 
the ribosomal RNA. Finally, the pro- 
cedure used was adequate t o  detect, 
with ease, coniplementary stretches in 
the DNA corresponding in length t o  
10 percent of the length of viral RNA. 

These results have a number of inter- 
esting implications. They obviously lend 
n o  support t o  the rather attractive 
speculation that the RNA viruses might 
represent “escaped” genetic messages of 
the host. The data d o  suggest that  RNA 
viruses d o  not employ the “DNA t o  
RNA t o  protein” path of information 
transfer. This in turn implies that the 
viruses have evolved a mechanism of 
transcription and replication at  the level 
of RNA. We would then predict the 
existence of an enzymatic mechanism 
involving an RNA-dependent R N A  
polymerase. It seems highly unlikely 
that an enzyme of this sort pre-exists 
in  the cell. All recognized nucleic acid 
components, including “informational” 
RNA (9), ribosomal RNA (ZZ, 1 2 ) ,  
and R N A  which transfers amino acid 
(15 )  have been shown to be comple- 
mentary to some sequences in  homol- 
ogus DNA. Further, actinomycin-D, 
which inhibits the DNA-dependent 



R N A  polynierase (16) ,  prevents syn- 
thesis of R N A  in both bacterial (17)  
and animal cells ( 1 8 )  but does not 
inhibit production of R N A  virus (18) .  
One must conclude, therefore, that the 
incoming viral R N A  contains the struc- 
tural program for this new polymerase. 
Since this enzyme niust be synthesized 
before replication, the viral R N A  niust 
be conserved during its translation into 
protein (19) .  Results of experiments 
confirming sonie of these predictions 
are  in preparation for  publication. 

ROY H. Dor 
S. SPIEGELMAN 

Department of  Microbiology. 
University of lilinois, Urbana 
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